Spontaneous closure of muscular ventricular septal defects
Спонтано затварање мускуларних вентрикуларних септалних дефеката SUMMARY Introduction/Objective Ventricular septal defect (VSD) is the most frequently diagnosed congenital heart anomaly. The prognosis is usually good as it has spontaneous closure evolution, especially small muscular VSDs. The aim of this study was to determine the natural history of isolated muscular VSDs including frequency of spontaneous closure in relation to location in the muscular septum and age at time of closure. Methods The study included 96 children (52 girls and 44 boys) with isolated muscular VSD diagnosed during the 1st month of life. We analyzed the tendency of spontaneous closure of these defects during childhood during a follow-up period of 16 years. Twodimensional color Doppler echocardiography was performed to detect muscular VSD as a primary cardiac lesion. There were significant prevalence of small apical versus trabecular defects and their outcome were evaluated. Results Our study evaluated 91 children, 49 (53.8%) girls and 42 (46.2%) boys who did not undergo surgery. Apically located VSD was diagnosed in 68 (74.7%), while trabecular defects were found in 23 (25.3%) children. Spontaneous closure occurred in 56 of 91 cases (61.5%). The time of spontaneous closure was most commonly recorded during the first 6 months after birth (46.4%). The overall rate of spontaneous closure was 81.3% by the end of the first year. Apically located ventricular defects underwent spontaneous closure in the majority of patients, in comparison to trabecular ventricular defects (χ 2 =12.581; p<0.001). Kaplan-Maier analysis demonstrated significant difference in average time required for spontaneous closure between analyzed patient groups (Log Rank= 9.64, p=0.002). Conclusion The frequency of spontaneous closure of muscular VSDs especially apically located, is very high in first 6 months, especially within the first year of life. It is advisable to detect them early using color flow imaging and follow up patients up to spontaneous closure. 
INTRODUCTION
Ventricular septal defect (VSD) is the most common congenital cardiac anomaly which accounts for up to 42% of cardiac defects [1] . An isolated VSD is defined as a defect in the interventricular septum without other sonographic abnormalities. Isolated VSD occurs in approximately 2-Since the eighties of the last century, real-time 2-dimensional echocardiography has dramatically improved the noninvasive anatomical assessment of VSD. Cross sectional echocardiography coupled with Doppler echocardiography and color flow imaging are the gold standard for determining the size and location of virtually all VSDs [3] . In muscular septal defect, all views that image the ventricular septum must be employed to detect the defect. Color Doppler echocardiography is critical to determine small asymptomatic defects [4] .
The evolution of the VSD has been the focus of several studies. The natural history has a wide spectrum, ranging from spontaneous closure to congestive cardiac failure and death in early infancy.
Spontaneous closure of VSD especially in the first years of life is a well-known phenomenon and it occurs in about one third of all cases [5] . Closure is most frequently observed in muscular defects (80%), particularly apical, followed by perimembranous defects (35-40%) [6] .
We followed up all patients with a muscular VSD diagnosed in the first month of life over 16 years, to determine the frequency of spontaneous closure in relation to size, location in the muscular septum and age at time of closure.
METHODS
The study included 96 children (52 girls and 44 boys) with isolated muscular VSD diagnosed during the 1st month of life. We analyzed the tendency of spontaneous closure of these defects during childhood during a follow-up period of 1-16 years (from January 2000. to December 2016.).
All patients had a complete history and physical examination by pediatric cardiologist. Twodimensional color Doppler echocardiography was performed using available equipment (Hewlett Packard Image Point and Acuson CV70) to detect muscular VSD as a primary cardiac lesion. Two subcostal views, parasternal long and short axis, and apical four chamber views were routinely performed to clearly check the complete ventricular septum (Figure 1 ). When color imaging showed inter-ventricular shunting, the diagnosis was confirmed by color Doppler flow mapping, which indicated velocity and direction of the flow.
The muscular defects were categorized as apical, trabecular, or outlet, according to the classification of Gatzoulis et al [7] . Defect sizes were measured in two dimensional images or as the maximum thickness of color jet at the level of ventricular septum. VSDs were deemed to be large if the defects were as large as or greater than half of the aortic orifice, and small if only seen in some parts of the cardiac cycle or not seen at all, but identified on color flow mapping ( Figure 2 ). All other defects were classified as moderate.
The patients were follow-up at approximately 3, 6, 9, 12 months of age. After 1 st year, follow-up intervals were 6 months. All patients received prophylaxis for infective endocarditis.
The Chi-square test was used to compare the difference between prevalence of VSDs in males and females. Actuarial event-free curves were obtained using Kaplan-Meier analysis to compare spontaneous closure rates of apical and trabecular VSDs. Log rank analysis was used to examine the significance between the curves for apical and trabecular VSD. A p value of less than 0.05 was regarded as statistically significant.
RESULTS
The study included 96 children (52 girls and 44 boys) with isolated muscular VSD. With regard to size, 88 defects were characterized as small, 6 as moderate and 2 as large defects. According to localization, in the small category there were 68 apical and 20 trabecular; among moderate there were (Figure 4 ).
There was no record of infective endocarditis in any patients. 
DISCUSSION
Spontaneous closure is the main characteristic of the natural history of VSD. It is generally accepted that the prognosis of isolated VSD in the postnatal period is good, with a high rate of spontaneous closure during the first years of life. However, frequency of spontaneous closure varies greatly from one study to another, depending on size and location, the population-age studied and follow-up period [8] . In previous clinical studies, the rate of spontaneous closure of muscular VSD has been reported between 24% and 96%. These rates are quite different, but as a common result, most of the small defects close within the few months after birth [6, 9] . Some investigators suggested that small defects are not a malformation and that early spontaneous closure of these defects is a normal developmental process [10] . [11] .
There are a few clinical reports related to the rate of closure for muscular VSDs, where closure rate is influenced by the location of the defect. The results are very different depending on the study.
Turner et al. confirmed that the position of a ventricular septal defect is extremely relevant to its natural history [9] . The spontaneous closure rate for muscular defects was significantly greater than for perimembranous defects. Shirali and colleagues studied 156 cases for a mean of 28 months and also found a significantly higher spontaneous closure rate for muscular defects [6] . Ramaciotti et al. reported that the rate of closure for muscular VSDs and apical muscular VSDs was 24% and 23%, respectively. They emphasized that spontaneous closure of muscular VSDs was most commonly seen in the first 18 months of life. They also observed that the natural history of single muscular VSD is not influenced by location in the muscular septum [12] . Du et al. screened full-term neonates with color flow Doppler imaging for muscular VSDs. The rate of closure at the end of the first year was found as 84.8%, but only one-fourth of defects were located in the apical region. They found that defects localized in the apical region and defects greater than 4mm in size remain patent more than VSDs located elsewhere [10] . Hiraishi et al. found a very high frequency for isolated VSDs when term neonates were routinely investigated using echocardiography. Most of the defects were small muscular and 76% had closed by the 1st birthday, but 45% were apical muscular VSDs [4] .
Our findings are very similar to ones reported by Turner et al. and Atalay et al [9, 13] . In Atalay's study a very high frequency of spontaneous closure of apical muscular VSDs was found.
Spontaneous closure was seen in 24 of 42 cases (57.1%) between 1 and 36 months of age, and it was most commonly recorded during the first 6 months of life.
Spontaneous closure becomes less likely during adolescence and adult life. In the study by Gabriel et al. spontaneous closure occurred in 6% of patients [14] .
